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Current Research 
Vesicular glutamate transporters in regulation of quantal size and release probability 
Presynaptic mechanisms that contribute to quantal variance and synaptic plasticity are poorly understood. Our 
work has established that, for mammalian cortical glutamatergic synaptic vesicles that express VGLUT1, 
quantal size is determined by the number of transporters per vesicle, and that this density is endogenously 
regulated both across development and by prolonged changes in activity of mature neural networks. In 
addition, we have shown that VGLUT1 plays an unanticipated role in synapses; it interacts with adaptor 
proteins within axonal boutons that likely decrease the availability of these vesicles for synaptic release, 
compared to VGLUT2. We use primary cortical cultures, organotypic hippocampal slice cultures, in vivo 
knockout animals, yeast two-hybrid analyses, and biochemical procedures to address these issues. Our 
research contributes understanding to the differential role for VGLUT1 and VGLUT2 isoforms in mechanisms 
of presynaptic plasticity in developing and adult cortical neuronal circuits in vitro and in vivo. The results from 
our studies also provide insights into the adaptive mechanism of glutamatergic hyperactivity relevant to 
epilepsy and neurodegeneration, andin psychiatric disorders such as anxiety, depression and addiction.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Left, The 'leaky bathtub' model of filling mammalian CNS synaptic vesicles is dependent upon transporter 
number and the cytoplasmic transmitter concentration. Right, Homeostatic regulation of the excitation-inhibition 
(E/I) balance in cortical networks, according to Turrigiano and Nelson (2004). Prolonged hyperactivity induces 
increases in excitatory synaptic strength onto GABAergic neurons (Red, via recurrent feed-back inhibition) and 
decreases in strength onto pyramidal neuronal dendrites (Blue, via feed-forward excitation). Our working model 



is that vesicular transporter isoforms for glutamate control quantal size and quantal content at discrete 
synapses to determine presynaptic strength and restore E/I balance. 
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